Few long-term data sets exist for meiofauna. Such data sets are expensive to collect, sort and identify; continuous meiofauna data for a period of greater than two years are limited to one site in Belgium (7 yrs) and two sites (one mud, one sand) in South Carolina, USA (11 yrs). The Belgian study concentrates on benthic copepod abundances whereas data from South Carolina includes major taxa and benthic copepods as well as 4 years of concurrent macrofauna abundance and 3 years of nematode species abundances.
Introduction
Consistently collected, replicated data sets are rare in most fields of ecology and even rarer in soft bottom benthic ecology. Such data sets are, of course, important for understanding ecosystem functioning (Wiens, 1977; Callahan, 1984) and critical to determining if and how populations and communities fluctuate. With an increasing number of perturbations infringing on the world's coastral zone, long-term studies to illustrate how an 'ecosystem' (or a portion of it) should naturally function are requisite if such ecosystems are ever to be *Contribution No. 618 from the Belle W. Baruch Institute for Marine Biology and Coastal Research 'repaired' following perturbation. While long-term data sets are thus extremely useful in and of themselves, it is important to use them for more than just 'before' and 'after' studies or for simply describing cycles and their correlations with some biological of physical forcing function(s).
If long-term data analysis is to be more than descriptive ecology then the data must also be used to generate testable hypotheses. The need for accurate hypothesis testing through controlled experimentation has been reiterated throughout the literature (e.g. Platt, 1970; Connell, 1974 Connell, , 1975 Dayton & Oliver, 1980) and long-term sets are ideal to generate hypotheses to be so tested.
In this paper I provide a synopsis of the known long-term meiofauna data sets published to date and suggest a new hypothesis that can be tested based on long-term South Carolina data. An overview of a method to quantitatively alter a sampling regime without loosing much precision as well as an example of predictive forecasting of meiofaunal abundance are also provided.
Synopsis of long-term meiofauna studies
Typically, meiofaunal community/population studies have been temporally limited to a year or two in duration (e.g. Stripp, 1969; Tietjen, 1969; Coull, 1970; de Bovee & Soyer, 1974; Rudnick et al, 1985) . Except for McIntyre & Murison's (1973) study where meiofauna were sampled monthly for 1 year then irregularly for 9 years and my recent study (Coull, 1985a) where meiofauna were sampled at two sites monthly for 8 years and fortnightly for 3 years, I am unaware of any other study that enumerates all meiofauna taxa for a period of greater than two years. There are, however, two data sets on the abundance of copepod species for longer periods i.e. a Belgian study for 7 years (Heip, 1980; Herman & Heip 1983; Heip & Herman 1985) and our South Carolina study over 11 years (Coull & Dudley, 1985) . Complementary to our 11 years of meiofauna taxa and copepod species, Eskin (1985) has studied the population dynamics and abundance of nematode species for 3 years at two sites and 4 years of data are available on macrofauna abundance at the same two sites.
The 11 year South Carolina meiofauna taxon study was conducted at a mud and a sand site in the North Inlet estuary. Variability in abundance at the mud site was approximately twice that of the sand site (Fig. l) , and year-to-year variability was greater at both sites than the inherent seasonality. There were no long-term (> 1 yr) cycles (spectral time series analysis) in the fauna (Figs. 2, 3) , temperature (Fig. 4) , or salinity at either site; 12 months was the recurrent cycle throughout the data, with total copepods at the mud site having six month and one year (actually 13& 15 month) cycles (Fig. 2) . Total nematodes at the sand site had no recurrent periodicity (Fig. 3) . The years 1975 The years -1977 had the highest abundances at both sites (Fig. lB) , but these peaks were not correlated with any of the measured physical variables. This mid-1970's abundance maxima, which had the same seasonal cycle as other years, was not part of a longer term trend; but demonstrates the unexplainable variability in natural meiofauna abundance.
While macrofaunal cycling is not officially within the framework of this meiofauna paper; the macrofauna, too, had a statistically repeatable cycle of but one year at both South Carolina sites. Fig. 5 illustrates the spectral analysis plot of polychaete abundance at the sand site, a variance plot typical of the total macrofauna and polychaetes at the long-term meiofauna sand and mud sites.
When the data set length is long enough for cylces to be repeated (i.e. replicated), the copepod species data from the Belgian site and the South Carolina sites are quite similar. Of the sixteen species for which spectral analyses are available (4 from Belgium, Heip & Herman, 1985; 12 from South Carolina, Coull & Dudley, 1985) , only one has a statistically repeatable cycle of greater than one year i.e. Canuella perplexa in Belgium appears to have a 3.5 yr cycle (Herman & Heip, 1983) . Heip & Herman (1985) report cycles of 4.6 years for Paronychocamptus nanus and Halicyclops magniceps, but since the data set length is only seven years, these can only be predicted cycles (Kirk et al., 1979, p. 72 ) not empirically replicated ones. Certainly there are oscillations of greater than one year in the Belgian and South Carolina copepods but no time series method can resolve cycle greather than ?h the length of the time series because the cycle must be repeated to determine if it is indeed a true cycle.
In South Carolina three of the dominant species at the sand site (Leptastacus macronyx, KIiopsyllus constrictus and Arenosetella spinicauda) declined significantly in abundance over the eleven years. All three are interstitial forms. However, two of the three species that did not decline significantly (T hyaenae and H. winonne) are epibenthic forms which occupied the sediment surface. The number of species did not change seasonally or over the eleven years at the mud site, but at the sand site, the number of species significantly decreased over the study period, concomitant with the lower median grain size and decreased sediment sorting (Coull, 1985a; 1985b) . The finer, sediments apparently eliminated the interstitial habitat necessary for Leptastacus macronyx, Kliopsyllus constrictus, Arenosetella spinicauda and other less abundant interstitial species. Nematode species data from the two South Carolina sites for 1980 through 1983 demonstrated the same general patterns as those of the eleven years copepod species data set (see Coull & Dudley, 1985) in that the mud nematode species were much more seasonal than were the sand species (Table 1) . Four of the six most common mud species were distinctly seasonal; the two non-seasonal species were present throughout the year. At the sand site, only Paracomesoma hexasetosum was clearly seasonal of the most abundant species (Eskin, 1985) . With but three years of nematode species data the maximum period discernable by spectral analysis would have been 1.5 years; thus time series analysis was not conducted on the nematode species.
Hypotheses suggested by the long-term data I (Coull, 1985b) have previously suggested that the South Carolina meiofauna data set be used as the basis for two testable hypotheses i.e. 1) the seasonal abundance patterns with peak abundance in spring at the mud site and peak abundance in summer at the sand site (see Fig. 1A ) were controlled by different factors. Specifically, I proposed that the mud faunal pattern was controlled by juvenile fish predation that was absent in the sand. We have tested this hypothesis experimentally and the results will be published shortly (Smith & Coull, in press); and 2) the decline in copepod abundance and species diversity over the eleven years at the sand site was a result of decreasing grain size and elimination of the interstitial space. This hypothesis has yet to be tested experimentally.
In my 'hypothesis generating' paper (Coull, 1985b) , in addition to stating the proposed hypotheses I suggested ways to test them. Below, I provide another (third) hypothesis and ideas on how to test it experimentally; an hypothesis generated, again, only because of the long term South Carolina data set.
It is obvious that the mud meiofauna is much more variable temporally than the sand meiofauna (Fig. 1) . Without repeating every such bit of information reported by Coull (1985a) , Coull & Dudley (1985) and Eskin (1985) , the mud meiofauna had a mean annual range of 979 animals.10 ~m -~; the sand fauna = 536 -10 ~m -~; over the eleven years the mud meiofauna ranged from 93-6462 . 10 ~m -~, the sand fauna from 313-3498; the coefficient of variation at the mud site was 69.7 (X of 11 yr) and 40.2 at the sand site; nematode and copepod species were distinctly seasonal at the mud site and either aseasonal or with just a few species seasonal at the sand site. Listing just these few (of many such) measures, and despite the fact that the sand site granulometry changed while the mud site granulometry remained constant, it is clear that even in the more hydrodynamically benign mud, some factor(s) is (are) causing greater temporal variability in mud than in sand.
A priori I would have predicted the mud habitat to be 'less disturbed-more stable' than the hydrodynamically active sandy habitat with its megaripples and significant amount of crossbedding, and therefore, mud populations would be expected to show less fluctuation in temporal variance. I propose as an hypothesis, however, that the frequent hydrodynamic disturbances in the sand habitat 'homogenizes' the fauna maintaining it relatively constant over time, while at the mud site biological, not hydrodynamic, factors influence the greater temporal variability. A general corollary to this hypothesis, then, is that assemblages that are biologically controlled are more variable in time than those under constant physical perturbation. All hypotheses, must of course, be falsifiable and below I outline two potential ways to falsify the above stated hypothesis.
One way to test the hypothesis is by a natural experiment, where one monitors the variability of the fauna (sensu Coull, 1985a; Coull & Dudley, 1985) as a site changes from sand to mud or vice-versa. Changing a site from mud to sand would probably require some catastrophic event (hurricane etc.) to deposit a significant amount of sandy sediment on top of an already existing mud site. Such a catastrophic change would, I fear, be so drastic that a natural experiment would not provide the gradual progression necessary for quantifying changes over the seasons. A change from sand to mud is more realistic and indeed is already occurring at our sand site. This then seems to be the ideal situation to naturally test the hypothesis. The sand flat which we sample has undergone several large physiographic changes in the last decade. Spartina islands have now invaded and the large megaripples reported by Grant (1981) have decreased. The sand flat was (1972) (1973) (1974) (1975) (1976) (1977) essentially in the main inlet channel from the Atlantic Ocean (see Fig. 1 in Grant, 1981) . Now, the barrier island that fronts the ocean has prograded south and the sand flat has become more protected. Concommitant with the prograding barrier island has been a 93 pm decrease in median grain size and increased sediment sorting (better sorted). It appears that the sand flat is one in transition from sand to sandy mud. If it continues on this trajectory it should, in time, become a muddy site. The hypothesis then is falsified if the muddy fauna (on the original sand site) maintains low variability; supported if it becomes highly variable as it is in the present mud site.
A second way to test the hypothesis is by sediment manipulation i.e. transplanting mud sediments to the sand site and vice-versa. Such transplant experiments are, of course, not easy to do but if logistically feasible and persistent, would allow one to monitor temporal variability to determine if, indeed, the hydrodynamic regime or the sediment type controls the observed temporal variability. For example, if the transplanted sand (in the mud site) persisted with low faunal variability or the transplanted mud (at the sand site) persisted with high variability, it would seem clear (with proper replication etc.) that sediment type per se was the primary factor. If the temporal faunal patterns did not persist, but reversed, then hydrodynamic factors would be implicated.
I have not conducted these experiments nor do I know if they will work and certainly alternative hypotheses could be proposed to account for my observations. My point, however, is not to provide fully designed, infallible experiments or the only hypothesis, but to demonstrate that long-term data sets can, and should, be used to generate testable hypotheses. The above hypothesis (see Coull, 1985b for 2 others), would not have been possible without my long-term data set.
Predictive modelling
Prediction of future events and efforts should be one of the goals of long-term ecological research. Such questions as how many samples need be collected at each sampling interval to derive a predetermined variance; how should these samples best be spaced temporally and can one predict the abundance (or some other parameter) with some level of confidence into the future need be asked if a long-term data set is to be useful for future endeavors. If for example, monitoring is to be continued can it be reduced both temporally and spatially to make it more cost efficient but still maintain population estimates within a reasonable range of error? Edwards & Coull (submitted MS) outline an autoregressive technique (ARIMA) to determine the number of, and spacing, of samples necessary to continue cost effective monitoring without loosing much statistical precision in estimating trends. Using the eleven year South Carolina data set they found that to determine the number of replicates necessary one has to calculate the ratio of replication variance to overall variance. For the eleven year data set two replicates provide ratios of 0.15 -0.30; 3 replicates 0.10-0.20. Reducing this ratio provides greater statistical sensitivity. One needs to determine the acceptable ratio for each data set.
Suppose after sampling monthly or biweekly for some period of time it is decided to reduce the number of samples taken. One must determine the standard error (SE) of the trend estimator (estimated by an autoregressive procedure -Edwards & Coull, submitted). This calculation takes a fairly large (mainframe) computer, and is designed to consider rational choices in sample reduction (e.g. dropping every other sample date, etc.). Edwards & Coull (submitted) tested this methodology by comparing the SE of the trend estimator from the actual data set and the model. Table 2 lists the results for data collected in the long-term South Carolina meiofauna study. The modelled eleven year values check very well with the observed 11 year values (Column 1). The loss of precision is switching from a monthly sampling regime to, for example, a quarterly sampling regime, is not great; the standard error only changes from 0.0478 to 0.0510 for total meiofauna at the mud site. The larger the data set (e.g. total meiofauna, nematodes, etc.) the more ac- curate the prediction. Programs are available for this calculation. Besides determining sampling schemes for future reseach, long-term data sets can also be used, using ARIMA, for prediction of future trends. Using this technique Edwards & Coull (submitted), predicted k simultaneous 95% confidence bands for the abundance trend of various taxa for a year beyond the last sampling data. Figure 6 illustrates the confidence bands and median number of gastrotrichs for the period Jan 1975 -Dec 1983 and the predicted median number (+95% CI) for 1984. Note the confidence bands become wider the further removed from the empirical end point, thus predictions far into the future are not very precise. To roughly estimate the precision of the model, we sorted samples from September 1984 (i.e. in the predicted region). Median gastrotrich abundance (2 replicates) at the sand site was 510-10 just within the confidence band (see Fig. 6 ), fitting well within our predicted upward trend.
Summary
Long term meiofauna data sets are rare, but of those available it appears that one year is the primary recurrent cycle in meiofaunal assemblages. Long-term data sets should be used beyond their descriptive phase for generating testable hypotheses and predicting future sampling regimes and trends.
